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HISTORY

In the early 1930's, the Firestone Tire
and Rubber Company began experiments
to develop the potential of pneumatic
springs.
Between 1935 and 1939, several makes

of U.S. automobiles were equipped with
air springs and extensively tested to prove
the potential of automotive air suspension
systems. They were never put into pro-
duction, however, because significant
developments in steel spring design gave
an improved ride at much lower cost than
the air spring system at that time.

In 1938, the country's largest manufac-
turer of motor coaches became interested
in using air springs on a new design bus
they were developing. Working with
Firestone engineers, the first busses were
tested in 1944 and the inherent ride supe-
riority of air suspensions was clearly
documented.

In the early 1950's, after several years
of intensive product development, the air
sprung bus finally went into production.
That was the beginning of the Airide(R) air
spring success story.
The success of air springs in bus appli-

cations spurred new interest in truck and
trailer applications as well as industrial
shock and vibration isolation uses. Con-
sequently, almost all of the busses, most
of the Class 8 trucks and many of the
trailers on the road today now ride on air
springs, and significant advances inthe
design of control systems have opened
the door to automotive applications as
well.
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TERMS AIR SPRINGS
& SUSPENSIONS

PRESSURE 8 PROCESS TERMS

Absolute Pressure. The pressure in a
vessel located in a complete vacuum.
Usually determined by adding 14.7 to the
gauge pressure. Absolute pressure
gauge pressure + atmospheric pressure.

Adiabatic Process. All the calculation
variables, volume, pressure, and tem-
perature, change without any heat
transfer (not often a real life situation).

Atmospheric Pressure. The average
atmospheric air pressure measured at
sea level. Normally accepted to be 14.7
pounds per square inch (psi).

Constant Volume With Airflow
Process. Volume and temperature con-
stant, pressure changes. This condition
applies when load is added or removed
from above the air spring over a period
of time.

Gauge Pressure. Gas or liquid pressure
in a vessel, which is higher than atmo-
spheric pressure. Usually measured by a
Bourdon tube gauge in pounds per
square inch (psi).

Polytropic Process. All the calculation
variables, volume, pressure, and tem-

perature, change with heat transfer to
the air spring structure. To account for
this, air spring dynamic operation is calcu-
lated by the use of what is known as the
polytropic exponent (n). n 1.38 is the
9enerally accepted value for air springs.

AIR SPRING COMPONENT TERMS

Bead. A part of the flexible member that
locks the cord structure to an inside rein-
forcing metal ring and provides a means
of sealing the joint between the flexible
member and the adjacent structure.

Bead Plate. A metal plate closing the top
end of the flexible member. It is attached
to the flexible member by crimping. It has
studs, blind nuts, brackets, or pins to fa-
cilitate its attachment to the vehicle struc-
ture. A means of supplying air to the as-
sembly is provided as a separate fitting or
in combination with an attachment stud.
Convoluted type springs incorporate a
second bead plate on the bottom to create
an air tight unit and to provide a means of
fastening the unit to the suspension.

Bead Ring. A metal ring incorporating a
shaped cross-section that grips the bead
of the flexible member and provides a
means of attaching and sealing the bead
to a plate or other structure.



Bumper. Usually, these are made of
rubber, plastic, or rubber and fabric
materials. They are used to support the
vehicle when there is no air in the air
springs, when the vehicle is not in use,
or when there is a system failure on the
road. They will also, to some degree,
cushion the shock of very severe axle
force inputs to prevent damage to both
the Airide(R) spring assembly and to the
vehicle.

Clamp Ring. A metal band placed near
the end of a beadless flexible member. It
is swaged tightly in place to secure the
beadless flexible member to the upper
end cap and piston.

Flexible Member. The fabric-reinforced
rubber component of the air spring
assembly.

Lower End Closure. Usually a metal
cup-shaped component used to close off
and seal the lower end of reversible sleeve
type air springs. It is frequently molded to
the flexible member. It generally has a
blind nut which allows it to be secured to
the piston and/or lower mounting surface
by the use of a long bolt. Larger diameter
end closures may have mtfltiple studs al-
lowing them to be bolted directly to the
piston.

Piston. A metal or plastic component of
the air spring assembly usually placed at
the lower end of the flexible member and
used to both support and provide a sur-
face for the flexible member to roll on.
It also provides a means for attaching the
assembly to the mounting surface. Pis-
tons with tailored contours may be used
to obtain air spring characteristics to
meet special performance requirements.

Upper End Cap. A plastic or metal com-
ponent containing an air entrance and
a means of fastening or positioning the
air spring assembly to the adjacent
mounting surface. The air entrance may
be combined with a mounting stud.

Assembly. This includes the flexible
member, which may include an end clo-
sure, upper bead plate, piston, or lower
bead plate with an internal bumper. See
illustration on page 11.

Assembly Volume. The internal working
air volume, exclusive of any external
working volume.

Bumper Volume. The space taken up
inside the air spring assembly by the
bumper. See Bumper Volume Chart on
page 36.



Compression Stroke (Jounce). The
reduction in heioht from the normal de-

sion heioht of the sprino as it cycles in
dynamic operation.

Curb Load. The normal minimum static
load the air spring is expected to support.
It is a zero payload condition, but includes
that portion of the unloaded vehicle that
is supported by the axle. It is this axle
load divided by the number of air springs
working with the axle and adjusted ac-
cording to any lever arm ratio incorpo-
rated in the suspension.

Design Load. This is the normal maxi-
mum static load the air spring suspension
is expected to support. It is the rated axle
load divided by the number of air springs
working with the axle and adjusted ac-
cording to any suspension lever arm ratio
incorporated.

Design Height. The overall height of the
air spring as selected from the character-
istics chart design position range. The air
spring selected should provide for ad-
equate jounce and rebound travel for the
proposed suspension. The design height
would be the starting position for calcu-
lating the spring and suspension dynamic
characteristics.

Dynamic Force. The instantaneous sup-
porting force developed by the air spring
during vehicle motion. It is this constantly
changing force that creates the spring
rate, suspension rate, and in combination
with the normal vehicle load on the
spring, creates the suspension system's
natural frequency.

Effective Area. The actual working area
perpendicular to the output force of the
spring. It is not the diameter of the spring.
This working area, when multiplied by the
gauge pressure in the spring, produces
the correct output force. Conversely, di-
viding the measured output force of the
spring by the measured internal gauge
pressure obtains the correct effective area.
In many cases, this is the only practical
way to obtain it.

Extension Stroke (Rebound). The in-
crease in height from the normal design
height of the spring as it cycles in dynamic
operation.

Reservoir Volume. Any working air vol-
ume located externally from the air spring
assembly, but functioning with the spring.



SUSPENSION RELATED TERMS

Height Sensor. An electronic device
that senses the position of a suspension
or other mechanical device. The output
signal from this device is sent to a control
circuit which then exhausts or adds air to
the air spring through a solenoid valve.

Leveling Valve. A pneumatic valve that
senses the distance between the vehicle
frame and the axle via a mechanical link-
age which adds or exhausts air pressure
to maintain a constant vehicle height.

Sprung Mass Natural Frequency. The
speed of vertical oscillations of the sus-
pended vehicle sprung mass. Can be ex-
pressed in cycles per minute (cpm) or
cycles per second (hertz).

Sprung Mass (Weight). That part
of the vehicle structure and cargo that is
supported by the suspension.

Unsprung Mass. That part of the sus-
pension that is not supported by the
spring (e.g., trailing arm, axle & wheels,
air spring, etc.).



OUTER COVER

An air spring is a carefully designed
rubber and fabric flexible member which
contains a column of compressed air. The
flexible member itself does not provide
force or support load; these functions are
performed by the column of air.

Firestone air springs are highly engi-
neered elastomeric flexible members
with specifically designed metal end
closures. The standard two-ply version
is made up of four layers:

(R) Inner Liner. An inner liner of
calendered rubber.

Frst Ply. One ply of fabric-
reinforced rubber with the cords
at a specific bias angle.

Second Ply. A second ply of fabric-
reinforced rubber with the same bias
angle laid opposite that of the first ply.

Outer Cover. An outer cover of
calendered rubber.


